Abstract: A few reports suggest combination of ANCA-associated vasculitis (AAV) and neutrophilic dermatoses (ND). We aimed to describe the main characteristics of patients presenting with both AAV and ND in a French cohort and through a systematic literature review, and to discuss the possible common pathogenic process involved.
INTRODUCTION
A ntineutrophil cytoplasmic antibody (ANCA)-associated vasculitis (AAV) is a group of rare and potentially lifethreatening diseases comprising 3 main conditions: granulomatosis with polyangiitis (GPA), microscopic polyangiitis (MPA), and eosinophilic GPA (EGPA). Pathophysiological mechanisms include dysregulation of neutrophils that are a target of ANCA. Skin lesions are frequent and polymorphic in AAV and can affect 10% to 50% of patients. [1] [2] [3] Purpura and leukocytoclastic vasculitis are still the most common clinical and histopathologic features, respectively. Neutrophilic dermatoses (ND) are a heterogeneous group of rare inflammatory disorders characterized by sterile infiltration of the skin with neutrophil infiltrates. Pyoderma gangrenosum (PG), Sweet syndrome (SS), and erythema elevatum diutinum (EED) are the 3 most common ND entities. Their association with some other systemic diseases is well known, especially malignant blood disorders, inflammatory bowel diseases, and primary or iatrogenic autoimmune disorders. 4, 5 A combination of ND and AAV has only been described in a few case reports. However, in the absence of a perceived need for dermatological expertise when evaluating a skin lesion associated with an established diagnosis of AAV, underdiagnosis of ND is probable and therefore raises the question of the role played by ANCA in both conditions. In this report, we describe a case series of patients with both conditions. We also conducted a comprehensive literature review on the combination of both conditions.
PATIENTS AND METHOD Study Design and Patients
The patients were selected through an e-mail sent to physicians belonging to the French Internal Medicine Society (SNFMI) and the French Vasculitis Study Group (FVSG). A search was also carried out in the FVSG database to obtain additional patients. Patients had to satisfy the following 2 criteria to take part in the study. First, diagnosis of AAV between 1990 and 2015, and positive ANCA result. We enrolled patients with GPA, MPA, and EGPA, according to the 1990 American College of Rheumatology (ACR) modified criteria. 6 Second, diagnosis of histologically proven ND was also a prerequisite. We did not include patients with other types of vasculitis or patients with dubious AAV. Diagnosis of ND was established on the basis of medical expertise and histological evidence.
Physicians who enrolled patient (s) received a standard data collection form.
This study was conducted in compliance with good clinical practices and the Declaration of Helsinki principles. In accordance with French law, formal approval from an ethics committee is not required for this type of study.
Parameters Studied
For each patient, detailed information regarding AAV and ND was recorded. Demographics, medical history, clinical presentation, and date of onset for both conditions were noted. For vasculitis, clinical manifestations as well as ANCA status, laboratory tests (including hemogram, ionogram, and creatinine level), and histological findings (when available) were collected. When available, the Birmingham Vasculitis Activity Score (BVAS) was also noted. For ND, the type of dermatosis was specified as well as the localization and histological findings. For both conditions, treatment and outcomes were recorded. Moreover, diseases or iatrogenic conditions known to be associated with ND and/or secondary vasculitis were targeted in particular (and were thus excluded) when establishing the patients' medical and current histories, including other autoimmune diseases, spondylarthropathies, inflammatory bowel diseases, Behçet disease, hematological malignancies, or autoinflammatory diseases, and the use of some drugs such as synthesis anti-thyroid or anti-tumor necrosis factor (TNF)-alpha agents, minocycline, D-penicillamine, or allopurinol.
Review of the Literature and Selection
We searched MEDLINE via PubMed for all reports published in English from 1990 to 2015, using the following keywords: ''neutrophilic dermatoses'' or ''Sweet's syndrome'' or ''pyoderma gangrenosum'' or ''erythema elevatum diutinum'', which were each linked to ''antineutrophil cytoplasmic antibody'', ''antineutrophil cytoplasmic antibody associated vasculitis'', ''Wegener's granulomatosis'', ''granulomatosis with polyangiitis'', ''microscopic polyangiitis'', ''Churg-Strauss syndrome'' and ''eosinophilic granulomatosis with polyangiitis''. All relevant articles were retrieved and additional references quoted in these articles were checked. We excluded articles with doubtful diagnosis or inadequate data.
Detailed information was extracted for all of the patients enrolled in the study and pooled for statistical analysis.
Statistical Analysis
Categorical variables are expressed as numbers (percentage) and quantitative variables as median values (range).
Categorical variables were compared using the x 2 test, or where appropriate, Fisher exact test. The nonparametric Mann-Whitney test was used to compare median values. Differences were considered significant when P < 0.05. All tests were performed using GraphPad Prism 5.0c.
RESULTS
The French AAV and ND Cohort
Clinical Characteristics of the Patients
Twenty-five patients were reported, but only 17 were eligible for inclusion. Of the 8 patients who were excluded, 6 had ND and dubious vasculitis with negative ANCA, whereas the other 2 patients lacked information in their medical records, including treatments and outcomes.
Detailed characteristics of the 17 patients are shown in Tables 1 and 2 . With regard to the patients' current status or medical history, 1 patient who developed GPA along with PG suffered from ulcerative colitis for 4 years. This condition had not been apparent at the time of GPA and PG diagnosis. Another patient had thyroid papillary cancer 2 years before GPA developed, which was considered cured at the time of GPA diagnosis. No drug exposure or other diseases was cited as a possible cause of secondary vasculitis or ND recorded in our cohort, including alpha-1-antitrypsin deficiency, the typical manifestations of which (including emphysema, bronchiectasis, chronic hepatic disorders, panniculitis and pancreatitis) were not observed in our cohort. However, this test is not performed routinely and was only carried out in 5 of our AAV patients, all of whom exhibited normal values.
GPA was the most frequently observed AAV in 12 (71%) patients, followed by MPA in 4 (23%) and EGPA in 1 (6%). We observed PG in 8 (47%) patients, Sweet syndrome in 6 (35%), and erythema elevatum diutinum in 3 (18%) (Figure 1 a) .
PG was described as large ulcers beginning with inflamed nodules or papules, and developing into large painful ulcers with clear-cut margins, deep, irregular, and necrotic centres and surrounding inflammation. Two patients presented with a solitary lesion, whereas the others displayed multiple lesions that could fuse together. Lesions advanced within a few days or weeks. The lower limbs, trunk, and both sites were involved in 6, 4, and 2 patients, respectively. The 6 patients with SS presented painful erythematous plaques, papules, or nodules on limb extremities. Two of the patients displayed facial manifestations and 1 patient presented with neck lesions. Some lesions were tender.
The hands were affected in the 3 patients with EED whose lesions took the form of elevated erythematous papular or nodular lesions involving the extensor surfaces of the extremities.
AAV and ND occurred concomitantly in 12 (70%) patients. In 3 (18%) patients, AAV diagnosis predated ND diagnosis (2, 5, and 7 years before; patients 8, 14, and 7, respectively; Table 2 ). In 2 (12%) patients with PG, ND occurred before AAV (1 and 3 years before, patients 11 and 4, respectively).
At onset, the patients with MPA had a more severe presentation than those with GPA (median BVAS of 27.5 [23] [24] [25] [26] [27] [28] [29] [30] [31] [32] vs 15 [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] , P ¼ 0.01). All 12 patients with GPA had anti-PR3 ANCA, including 11 with cytoplasmic fluorescence. The 4 patients with MPA presented with anti-MPO ANCA with perinuclear fluorescence. The 1 patient with EGPA had perinuclear ANCA with negative ELISA. The 2 patients (4 and 11) who developed PG before GPA had positive ANCA at the time of PG diagnosis, but no sign of vasculitis. Figure 1A shows the distribution of AAV, ND, and ANCA. PG occurred only in GPA patients; 3 of the 4 MPA patients exhibited Sweet syndrome.
Histological Features
Histological evidence of extracutaneous vasculitis was obtained in 10 (59%) patients, including 8 with a GPA diagnosis. Three patients were biopsied at 2 sites ( Table 1) .
As regards ND, all of the patients underwent a skin biopsy that showed common features indicative of ND: intense inflammation of the superficial dermis, dermal neutrophil infiltration with irregular lymphocytes and histiocytes, no granuloma or vasculitis, except for 1 patient with EED whose biopsy confirmed leukocytoclastic vasculitis along with neutrophil aggregates.
Patients with PG showed various histological findings depending on the site of the lesion from which the biopsy was obtained and the stage of evolution of the lesions. Typical histological findings were observed in 6 of our 8 patients: intense neutrophil infiltrate with microabscess or perifollicular neutrophilic infiltrate, along with central necrosis. The epidermis and dermis were ulcerated and surrounded by an intense acute infiltration of inflammatory cells. Two other patients displayed moderate and mixed neutrophil and lymphocyte infiltration. Although neither of these patients displayed typical histological findings, their clinical presentation was very typical. None of our patients with PG presented with intralesional vascular involvement on cutaneous biopsy.
Most patients with SS presented with superficial and deep dermal infiltration of neutrophils with perivascular localization, but without vasculitis. Dermal edema was often observed.
EED presented with perivascular neutrophil infiltration with possible leukocytoclastic vasculitis of capillaries.
Treatments and Outcomes
All of the patients received corticosteroids at the time of AAV diagnosis except 1 patient whose treatment was started on PG diagnosis, 3 years before GPA (patient 4).
All of the patients received another combined immunosuppressant. Cyclophosphamide (CYC) was administered to 10 patients, including 8 GPA and 2 MPA patients. Eight patients received azathioprine, including 4 who had previously received intravenous CYC. One patient with a concomitant diagnosis of GPA and Sweet syndrome received colchicine with corticosteroids (patient 16). One patient, with both refractory GPA and PG, remained unresponsive to 18 boluses of CYC; intravenous immunoglobulin combined with azathioprine finally led to a clear improvement in both conditions with mycophenolate mofetil (patient 7). Another patient with GPA and PG was successfully treated with cyclosporine following a poor response to CYC in both entities (patient 11). Overall, all of the patients recorded favorable outcomes, except for 1 patient (patient 8, 89 years' old), who died from a myocardial infarction at the time of the third CYC bolus. The other 16 patients achieved remission for both AAV and ND 4 (1-33) months (median) after introducing first-line treatment. However, 7 patients relapsed, including 6 patients with GPA and PG (patients 5, 6, 7, 10, 14, and 17, 5 of whom were first treated with CYC) and 1 patient with EGPA and Sweet syndrome (patient 2, initially treated with corticosteroids and azathioprine). ANCA was positive at the time of relapse in 6 of the 7 relapsing patients. Relapses corresponded to vasculitis 
in only 2 patients (patients 5 and 6) and to both conditions in 5 others (patients 2, 7, 10, 14, and 17). All 7 relapsing patients initially presented with ENT manifestations. Therefore, all exhibited sustained complete remission with an increased dose of corticosteroids combined with an immunosuppressant in three cases, or with rituximab in 3 other cases (patients 5, 6, 10). One patient (patient 7, suffering from GPA and PG), was treated with rituximab for a 3 rd relapse after CYC failed for the second time.
The latest findings show that the patients were monitored for a median period of 32 (3-289) months.
Published Data
We initially identified 45 articles in the field, mostly single case reports or short series of 2 to 3 patients; we excluded 17 of them because of doubtful diagnosis regarding AAV or ND in 10, a lack of cardinal information in 6, and 1 letter that reported on our ''patient 3.'' 7 Thus, 28 relevant articles were analyzed in our systematic review; data on 33 patients (median age 54 years) were retrieved and are described in Table 3 . In these articles, GPA was also the most frequent AAV associated with ND in 26 (79%) patients, followed by MPA observed in 7 (31%) others, whereas no case of EGPA was found in the literature review.
Of the 33 patients, 25 (76%), 6 (18%), and 2 (6%) presented with PG, SS, and EED, respectively. PG was by far the most frequent ND seen in GPA, involving 21 of the 26 (81%) patients with vasculitis. As regards ND clinical characteristics, PG affected limb extremities in 13 cases, the face in 12 cases, and the trunk in 6 patients; SS also mostly affected limb extremities in 5 patients, the face in 3 cases, and the chest in 2 patients, whereas EED was only observed on limb extremities.
AAV and ND were concomitantly diagnosed in 16 (48%) patients; vasculitis preceded neutrophilic dermatosis in 8 patients 4 (2-8) years before, whereas ND was diagnosed before vasculitis in 8 other patients, 12 (2-60) months before. In the last patient, there was a lack of information regarding the time of occurrence of both conditions. 15 Where discussed, treatment mainly comprised corticosteroids combined with an immunosuppressive agent (mostly CYC). Two-thirds of patients exhibited long-term sustained favorable outcomes, whereas 8 others were reported to have relapsed. Given the frequent lack of data about specific ANCA characteristics, the relationship between the subtypes of this antibody and those of the related AAV and ND could not be analyzed in this study.
French Cohort and Literature Data Compilation
Regarding the 50 patients (17 from our cohort and 33 from the literature review), GPA remained the most frequent AAV, followed by MPA and then EGPA, in 38 (76%), 11 (22%), and 1 (2%) case(s) respectively ( Figure 1B) . The distribution of the various NDs showed that PG remained the most frequent, followed by SS and finally EED in 33 (66%), 12 (24%), and 5 (10%) patients, respectively.
On analyzing the relationship between the 2 entities, even though all 3 ND subtypes were found in both GPA and MPA, some differences in terms of distribution were detected among these 2 AAVs, as shown in Figure 1B . Indeed, whereas PG was by far the most common ND found in GPA, its frequency in MPA was significantly lower ( 
DISCUSSION
Our study including 50 AAVs associated with ND correlates a possible link between certain AAVs and ND, especially between GPA and PG. This type of association has only been suggested in case reports or in very small series to date.
Indeed, considering the overall population studied, the patients included here exhibited systemic forms of AAV with multiple organ involvement and clinical presentation that was concordant with conventionally described findings. GPA was the most common AAV, with the usual clinical and biological patterns. Although we found the 3 main subtypes of ND, that is, PG, SS, and EED in this study, PG was present in half and twothirds of the patients, in the French cohort and literature review, respectively. Furthermore, PG was found in all the GPA patients in the French cohort and in more than three-quarters of the GPA patients in the literature review. Even though PG was also found in MPA, the second most common AAV in both the French cohort and data compilation, its frequency of occurrence in only about one-third of the patients appeared significantly lower than that observed in patients with GPA. SS, which is the second most common ND, was not overobserved in a vasculitis group. Finally, EGPA seems to be seldom associated with ND, as only 1 case of this AVV was found among the 50 patients in the data set, namely in the French cohort. In more than two-thirds of our patients, both conditions occurred concomitantly and treatment of vasculitis improved ND in almost all of the patients.
Cutaneous involvement in AAV has been reported in 10% to 69% of patients. In various studies, palpable purpura on the lower extremities was the most frequent finding observed in 47% to 76% of cases, followed by ulcers (14%-27%), papules (14%-20%), and subcutaneous nodules (13%-18%). Biopsy, when performed, mostly highlighted leukocytoclastic vasculitis in 80% of cases, but granulomatous inflammation or mixed inflammatory patterns can be seen in addition to the typical findings of ND reported here. [1] [2] [3] 6 PG is definitely another possible manifestation of AAV. An association of GPA and PG has been suggested for 50 years, especially in a particular form of the disease, called ''malignant pyoderma'' that often involves the face. Malignant pyoderma may indicate a severe inflammatory pyoderma, which progresses to exaggerated destruction of ulcerative tissue frequently accompanied by systemic illness. 15 Some authors observed that most patients with an initial diagnosis of malignant pyoderma were eventually diagnosed with GPA.
1 Our literature review identified 11 patients with PG involving the face. Of these, 10 suffered from GPA. We did not include enough patients with MPA to suggest a pattern of association with ND. Of the 11 patients with MPA (4 in our cohort and 7 in the literature review), 5 (45%) had SS, 4 PG, and 2 EED.
Neutrophilic dermatoses have been reported in association with other systemic diseases or with treatment or drug consumption. 5 We did not include these patients in this cohort, except for 2 who have medical histories of cured and nonactive ulcerative colitis and thyroid papillary cancer, respectively. The literature review identified only 1 patient with a history of Crohn disease. AAV and ND are likely to share some common pathophysiological features as neutrophil dysregulation appears to be the main pathological and immunohistochemical substratum in both conditions. In AAV, neutrophils adhere to the vessel walls and release lytic enzymes and toxic oxygen radicals that promote invasive inflammation and fibrinoid necrosis of the arterial wall. ANCA target neutrophils and may induce leukocyte activation. 36 Neutrophil fragmentation seems to be essential and leads to the exposure of intracytoplasmic molecules (such as myeloperoxidase or proteinase 3) that are normally sequestered inside cells, reaching the immune system. In vitro, it has been shown that ANCA induces neutrophil activation and degranulation. MPO released from activated neutrophils can bind to nonactivated neutrophils and render these cells susceptible to anti-MPO antibodies. 37, 38 NDs are part of and/or share many features of monogenic inflammatory disorders such as fever, arthralgias, and neutrophilic infiltrates, as witnessed in Crohn disease, PAPA syndrome (pyogenic sterile arthritis, PG, acne), and other autoinflammatory diseases. 4 The role of ANCA in ND is not well established, and there are no fundamental data. ANCA may be directly or indirectly pathogenic in ND and/or may be generated because of neutrophil activation and apoptosis in these dermatoses, resulting in an autoamplifying loop. Moreover, some clinical features in the literature review argue in favor of ANCA as a credible causal factor or at least as a surrogate marker of some ND. Indeed, several clinical conditions such as inflammatory bowel diseases (IBDs), including Crohn disease and ulcerative colitis can exhibit both ND and ANCA, especially their anti-MPO subtypes. 20, 29, 32, 39 Because of the high prevalence of ANCA in IBD (60%-80% and 10%-30% in ulcerative colitis and Crohn disease, respectively), 40 and their negativity in Behcet disease, Filik et al 41 propose an ANCA, but also an ASCA assay as an aid to differential diagnosis of both entities. Although ANCA is negative in Behçet disease, ND and especially PG have been reported in this condition, but less frequently than in IBD. 4 Druginduced vasculitis, including a link to cocaine use, anti-TNF-alpha, or synthesis of anti-thyroid agents, sometimes exhibited both ND and ANCA associated with typical necrotizing systemic vasculitis. 20, 29, 32, 39 Cases of SS or PG associated with Sneddon-Wilkinson syndrome, which is another subtype of ND, have been described with propylthiouracilinduced p-ANCA. 42 -44 Considering primary ND, apart from several isolated case reports, [45] [46] [47] [48] Kemmet et al 49 published a series on 6 of 7 patients with SS displaying positive ANCA. Thus, von den Driesch et al and Ozlem et al queried ANCA's role as a serological marker/diagnostic tool for SS. 29, 50 In 2004, Ayoub et al 51 showed the positivity of IgA ANCA in 10 patients with EED. However, the specific target of these antibodies has not been identified to date.
Overall, these data suggest that ANCA may be tested for in ND, and when positive, careful attention should be paid to detect signs suggestive of systemic vasculitis. Interestingly, our 2 patients who developed PG before GPA were already ANCApositive at the time of PG diagnosis since the case reported by Hunt et al 47 and/or palisading granulomas in the papillary to middle dermis in 2 MPA patients. 37, 52 Corticosteroids remain the mainstay treatment for ND and, in most cases, are sufficient. However, some refractory cases exist and may require immunosuppressive agents, such as azathioprine, cyclosporine, or methotrexate. Targeted therapies including interleukin-1 or TNF blockade agents seem to be another effective option. 14, 53 In our cases, immunosuppressive drugs were administered for vasculitis with concomitant improvement of the dermatological disease. Overall, outcomes seem to be good under treatment, and relapses, which often occur in parallel for both entities, were reported in one-third of patients.
Here we report the largest series of patients with AAV and ND, implemented with a literature review. The retrospective design of our study is a limitation, especially given the potential lack of certain clinical, biological, or outcome information. However, a standard registration form was used and physicians were contacted as necessary to obtain any missing information. Moreover, the French AAV network is committed to providing complete and consistent clinical, biological, histological, and outcome data.
CONCLUSION
Overall, our study acts as a reminder that AAV is a systemic disease in which cutaneous manifestations are not rare. ND should probably be considered part of the cutaneous spectrum of AAV, especially the association of GPA and PG. We presume that the various clinical forms of ND are underdiagnosed in AAV through lack of systematic cutaneous biopsy and/or dermatologist expertise. Treatment and outcomes seem to be good and may not differ from those in patients with isolated vasculitis. The complex relationships and pathogenic mechanisms shared by AAV and ND are far from clear and require further prospective clinical and fundamental research, which will probably allow the real frequency of this association to be assessed.
